Heat shock proteins (HSP) have long been considered intracellular chaperones that possess housekeeping and cytoprotective functions. Consequently, HSP overexpression was proposed as a potential therapy for neurodegenerative diseases characterized by the accumulation or aggregation of abnormal proteins. Recently, the discovery that cells release HSP with the capacity to trigger proinflammatory as well as immunoregulatory responses has focused attention on investigating the role of HSP in chronic inflammatory autoimmune diseases such as multiple sclerosis (MS). To date, the most relevant HSP is the inducible Hsp70, which exhibits both cytoprotectant and immunoregulatory functions. Several studies have presented contradictory evidence concerning the involvement of Hsp70 in MS or experimental autoimmune encephalomyelitis (EAE), the MS animal model. In this review, we dissect the functions of Hsp70 and discuss the controversial data concerning the role of Hsp70 in MS and EAE.
INTRODUCTION
Heat shock proteins (HSP) are a group of phylogenetically conserved proteins found in all prokaryotic and eukaryotic cells. These proteins are named according to their molecular weight, which range from 17 kDa to more than 100 kDa, and are classified into six families, namely the HSP100, HSP90, HSP70, HSP60, HSP40 and the small HSP families. In general, HSP expression can be constitutive or inducible, depending on cell conditions. Under physiological conditions, HSP exert housekeeping functions and act as molecular chaperones that assist in the proper folding of newly synthesized proteins. Moreover, HSP also play an important role in preventing protein aggregation, degrading unstable and misfolded proteins and transporting proteins between cellular compartments (1) (2) (3) (4) (5) . Under conditions of stress, such as heat shock, inducible HSP are highly upregulated by heat shock factors (HSF), which are generated as part of the heat shock response (HSR), to maintain cellular homeostasis and to develop cell survival functions. The term "HSP" originated following their discovery in 1962 by Ritossa in response to thermal stress in Drosophila (6) ; however, other stress conditions, including nutrient deprivation, irradiation, hypoxia, heavy metals, oxidative and toxic stress, infections and exposure to inflammatory cytokines, also induce HSP expression (7) (8) (9) (10) (11) . Therefore, HSP are also called stress proteins.
HSP70, the most conserved of the HSP families, includes the cytosolic and nuclear constitutive Hsc70 (Hsp73) and the stress-inducible Hsp70 (Hsp72) proteins, the endoplasmic reticulum (ER) Bip (Grp78), and the mitochondrial mtHsp70 (Grp75) protein (12) (13) (14) . Hsp70 has been the subject of particularly extensive studies because it exhibits different functions in accordance with its location; intracellular Hsp70 exerts cytoprotective functions as a chaperone protein, whereas extracellular Hsp70 exerts immunomodulatory functions that trigger immunological responses (acting as danger signals) as well as tolerance responses.
Multiple sclerosis (MS) is the most common chronic inflammatory disease associated with the demyelination of the central nervous system (CNS). Although the etiology of MS is not fully understood, current evidence suggests a critical role for the immune system in the pathogenesis of the disease. Autoreactive myelin-specific T cells and antibodies are present within MS plaques, and multiple mechanisms of myelin immune-mediated injury have been described in MS patients (reviewed in [15, 16] ).
The cytoprotection of CNS cells (mainly oligodendrocytes and neurons) and the immunomodulation of T-cell responses against myelin antigens are critical approaches in MS therapy. Recently, several reports have implicated HSP, mainly Hsp60 and -70, in different human autoimmune diseases, including arthritis and type I diabetes mellitus,
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and their beneficial effect in Alzheimer's and Parkinson's diseases has been suggested (reviewed in [17] [18] [19] [20] ). In this review, we dissect the findings associated with Hsp70 in an attempt to better understand the role of this protein in MS, a neurodegenerative autoimmune disease.
MS PATHOGENESIS
MS is a chronic and progressive neurodegenerative disease that is deemed to affect more than 2.1 million people worldwide (21) . MS is considered an immune-mediated disease characterized by the presence of inflammatory demyelinating lesions in the CNS. Because of the destruction of the myelin sheath occurring in MS, the nerve action potential is disrupted, which leads to the apparition of neurological disability such as blurred vision, muscle weakness and spasm as well as motor symptoms. Disease onset usually occurs in young adults between 20 and 40 years of age, and affects women more frequently. Four clinical forms can be distinguished based on clinical onset and disease progression: Relapsing-Remitting (RRMS), the most frequent clinical form affecting approximately 80% to 85% of MS patients; Secondary Progressive (SPMS); Primary Progressive (PPMS); and Progressive Relapsing (PRMS) (16, 22) .
MS is a complex neurological disorder conditioned by both genetic and environmental factors including gender, sexual hormones, ethnic origin, geographical latitude of residence, smoking, pathogen exposure and vitamin D levels (23) (24) (25) (26) (27) . The most important genes conferring susceptibility to MS (although with a weak effect) are the MCH class II (HLA-DRB1*1501 allele), and the interleukin (IL)-2 and IL-7 receptor genes, which are involved in the immune response (28, 29) .
Pathological hallmarks of MS include areas of focal demyelination characterized by inflammation, gliosis and both oligodendrocyte and neuronal loss (30) . Based on the presence of inflammatory infiltrates in the CNS as well as on the data accumulated from experimental autoimmune encephalomyelitis (EAE) and its animal model (31) , MS is considered a T-cell mediated autoimmune disorder, although its precise etiology is not yet fully comprehended. EAE is induced by immunizing susceptible animals with myelin-derived proteins (or peptides) such as proteolipid protein (PLP), myelin oligodendrocyte glycoprotein (MOG) or myelin basic protein (MBP). Animals with EAE reproduce the major clinical and histopathological features of MS and it has been demonstrated that EAE can be transferred adoptively in healthy animals by injecting myelin-specific CD4 + T cells (32) (33) (34) . Taking into account the data gathered over the years, it is believed that a complex combination of genetic and environmental factors induces the activation of myelin-specific peripheral T cells in MS patients. Some mechanisms such as molecular mimicry (crossreaction between pathogen-reactive T-cell epitopes and myelin antigens) (35) or deficient immunoregulatory control (failure of regulatory T-cell function) (36) have been proposed as trigger factors, although this issue is still controversial. As a consequence of T-cell activation, inflammatory cytokines such as IFN-γ, TNF-α, IL-1β and IL-6 are secreted, inducing the expression of adhesion molecules in endothelial cells from the blood vessels, thus driving lymphocyte transmigration across the blood brain barrier (BBB) (37 (15, 38) . Moreover, spontaneous remyelination occurs in MS. In this light, both in MS and EAE, axons with thinner myelin sheaths are found. Unfortunately, this remyelinating process is often insufficient to bring about functional recovery. Therefore, remyelination failure is considered another critical aspect in MS, and, consequently, new therapies might be approached not only to block the immune response but also to promote neuroprotection and neuroregeneration. In this sense, Hsp70 represents a promising putative target molecule for MS treatment since it is involved in the immune response and has neuroprotective functions (discussed below).
THE ROLE OF HSP IN NEUROPROTECTION
HSP play two neuroprotective roles. On the one hand, HSP prevent protein aggregation and misfolding through their chaperone activity, and on the other hand they can induce antiapoptotic mechanisms (Table 1) . HSP not only exhibit housekeeping functions but also have an essential function in promoting cell survival following stressful or harmful conditions. Following conditions of cellular stress, the accumulation of unfolded or misfolded proteins triggers an HSR that promotes HSP expression with the purpose of refolding these proteins to their native state or, if that is not possible, transferring the proteins to the degradative pathway (reviewed in [39] [40] [41] ). On the basis of the idea that the accumulation of abnormal protein aggregates is a common histopathological hallmark contributing to neuronal degeneration, the role of HSP in chronic neurodegenerative diseases has been extensively studied. In this context, the induction of Hsp70 expression in the CNS, mainly in reactive astrocytes, oligodendrocytes and microglia (42) (43) (44) (45) , following conditions of stress has been described. In addition, Hsp70 is considered a powerful antiapoptotic protein because it inhibits multiple steps of programmed celldeath signaling in both intrinsic and extrinsic pathways (reviewed in [46] [47] [48] [49] ).
The interconnection between the cytoprotective and antiapoptotic mechanisms remains unknown. Following stress or injury, two responses are triggered: the cytoprotective stress response, which induces HSP production, and the apoptotic pathway, which leads to cell death. Hsp70 exhibits a high affinity for hydrophobic peptides, and stress-induced, newly generated Hsp70 binds to misfolded proteins. If the levels of the newly generated Hsp70 (and its cochaperone Hsp40) successfully achieve protein refolding, the excess Hsp70 or the Hsp70 released after protein refolding will then interact (with lower affinity) with different apoptotic mediators to prevent cell death. Conversely, stress conditions that cause serious cellular damage will exceed the capacity of Hsp70 to refold proteins; thus, the apoptotic pathway will not be arrested, and this will lead to cell death. Consequently, insufficient induction or production of Hsp70 and its cochaperones will cause the aggregation of misfolded proteins and apoptotic cell death typical of neurodegenerative diseases. Accordingly, the overexpression of Hsp70 in neuronal cell cultures and mouse models of neurodegenerative diseases has demonstrated the beneficial effect of Hsp70 in ameliorating the severity of disease phenotypes by reducing the number and size of inclusions and the accumulation of disease-causing proteins. Hsp70 overexpression prevents the intracellular aggregation of amyloid peptides (50,51), tau protein (52), huntingtin (53) and α-synuclein fibril formation (54) .
Neuroprotective Role of Hsp70 in MS
Studies of ischemic, hyperthermic and excitotoxic preconditioning have been conducted to investigate the cytoprotective role of HSP in neurodegenerative diseases. These studies involved provoking a sub-lethal insult (preconditioning) followed by a second, more severe, stimulus. The preconditioning treatment is associated with a reduction in neuron and glial cell loss. Because preconditioning principally induces the expression of Hsp70, the neuroprotective effects were linked to Hsp70 induction. Similarly, heat shock preconditioning in rodents, prior to EAE induction, leads to Hsp70 upregulation; consequently, the incidence of disease and neuronal damage are reduced and clinical signs show improvement (55, 56) .
However, contrary to previous beliefs, apart from the cytoprotective functions of HSP as intracellular proteins, HSP are also released into the extracellular milieu, where they trigger a wide variety of effects. In the CNS, glial cells produce and release HSP, including Hsc70 and Hsp70, which are rapidly absorbed by neurons. Because neurons express high levels of Hsc70, whereas Hsp70 is poorly induced after stress conditions (57), the glial-to-axon transfer of Hsp70 has been suggested as a compensatory neuroprotective maneuver in which glial cells protect adjacent neurons from acute stress or injury (58) (59) (60) (61) . Consequently, in light of this observation, the supply of exogenous Hsp70 into the CNS is a potential therapeutic strategy to reduce neuronal death in neurodegenerative diseases.
In MS, the immune response in the CNS leads to inflammatory and oxidative conditions that induce the overexpression of most HSP (including Hsp70) in the CNS lesions of MS patients and in the EAE animal model of the MS disease (62) (63) (64) (65) . Because Hsp70 provides neuroprotection from ischemia-induced cell death (66, 67) , the overexpression of this protein in MS lesions might protect CNS cells against the inflammatory environment that is typical of the disease (63, (68) (69) (70) . De Souza et al. reported that the stimulation of human glial cells with proinflammatory cytokines, such as IL-1, IFN-γ and TNF-α, induces Hsp70 expression, predominantly in oligodendrocytes (71) . Taken together, the data suggest that the inflammatory phase occurring at the initial stages of MS/EAE acts as a preconditioning stimulus to induce Hsp70 expression as well as Hsp70 release by glial cells to protect neurons in the subsequent neurodegenerative phase. Therefore, a failure to induce Hsp70 or the insufficient production of HSP in the CNS is a possible determining factor for MS development.
Data accrued over the years have demonstrated the cytoprotective functions of both intra-and extracellular HSP in the CNS. As a result, therapeutic strategies focusing on HSP upregulation have been proposed for different neuropathologies that generally are characterized by misfolded protein aggregations. However, this characterization does not seem to apply to MS. The immune reaction that occurs in MS is thought to trigger a process of neurodegenerative damage that leads to clinical signs. In this scenario, extracellular HSP, namely Hsp70, might actually be harmful rather than beneficial. While the release of Hsp70 in Alzheimer's and Parkinson's diseases leads to a reduction in misfolded proteins, in MS, Hsp70 exacerbates the immune response by acting as an adjuvant for myelin peptides and as a proinflammatory cytokine (72) . The mechanism by which Hsp70 promotes immune reactions is discussed in detail below.
THE ROLE OF HSP IN IMMUNOMODULATION
HSP exhibit immunomodulatory functions that further promote immune responses by acting as proinflammatory cytokines and by mediating regulatory immune responses (Table 1) . Understanding the mechanisms of HSP involvement in the balance of autoimmunity versus tolerance is essential for the establishment of HSP as potential therapeutic tools for the treatment of different autoimmune diseases and cancer.
Cellular Response
To initiate a T-cell immune response, immunostimulatory antigen presentation by professional antigen presenting cells (APC), mainly dendritic cells (DC), but also monocytes and activated B cells, is required. Depending on the environmental signals present during APC maturation, T cell:APC interaction triggers either tolerance or immune responses. The literature describes two different types of HSP-APC interactions that trigger innate or adaptive immune responses based on the presence or absence of antigen binding (reviewed in [73] [74] [75] (80) .
In contrast to the cytoprotective or homeostatic functions mediated by intracellular Hsp70, extracellular Hsp70 triggers both innate and adaptive immune responses. In innate immune responses, extracellular HSP, including Hsp60, Hsp70 and gp96, derived from pathogens or host cells, exert cytokinelike effects on APC maturation. In the case of Hsp70, the innate immune response is triggered through interaction with the toll-like receptor (TLR)-2, TLR-4 and CD14 costimulatory signaling (81) . In addition to the activation and maturation of DC, Hsp70 acts as a chemoattractant and elicits the cytolytic effects of NK cells by mediating the interaction with CD94 (82) (83) (84) . At the same time, released Hsp70 leads to the activation of the NF-κB transcription factor, which induces proinflammatory cytokine production (IL-12, IL-1β, IL-6, TNF-α, and GM-CSF) (76, 85, 86) , chemokine secretion (MCP-1, RANTES, and MIP-1α) (87), and nitric oxide (NO) production (88) by macrophages and/or DC. Finally, extracellular Hsp70 enhances the expression of CD83, CD86 and CD40 as well as the major histocompatibility complex (MHC) class II on DC and the migration of these cells to draining lymph nodes (76, 89, 90) , thus priming adaptive immune responses. Considering these findings, it has been hypothesized that conditions of acute stress induce the release of Hsp70, which acts as a danger signal to prepare the immune system against a likely pathogen challenge.
Based on their activity as chaperones, the HSP released into the milieu can act as adjuvants that bind immunogenic peptides. In the adaptive immune response, HSP-antigen complexes are internalized efficiently via endocytosis mediated by CD40, CD91 (α2-macroglobulin receptor) or LOX-1 scavenger receptors. Thus, the complexes are processed in a proteasome-dependent manner in the cytosol and are presented via MHC class I or MHC class II molecules, which then induces the activation of antigen-specific CD8 + or CD4 + T-cell responses, respectively (91) (92) (93) . Because HSP-antigen complexes can induce the adaptive immune response, Hsp70 has been used as an adjuvant in vaccinations to enhance the immunogenicity of tumor antigens (94, 95) . Chaperokine, a term coined by Asea, describes the dual role of HSP as chaperones and cytokines. However, the cytokine effect of HSP, including Hsp70, has been questioned based on the endotoxin contamination of recombinant HSP that are used in experimental procedures. It has been speculated that the cytokine response induced by Hsp70 is triggered by LPS or other contaminating microbial compounds and not Hsp70 itself (96, 97) . Although this possibility cannot be excluded, studies have shown that highly purified HSP do activate DC and monocytes in vitro (88) .
A significant upregulation of Hsp70 expression has been detected in CNS lesions from MS patients (63, 64, 68 (103) . These data suggest that Hsp70 upregulation may increase susceptibility to autoimmune demyelinating disease.
There is a subpopulation of clonally expanded γδ T cells that respond to (107, 108) .
Together, these findings demonstrate that aberrant/deregulated Hsp70 expression may be involved in the pathogenesis of MS and in other chronic inflammatory diseases by two possible mechanisms: exacerbating or contributing to the chronic inflammatory environment and/or eliciting the presentation of myelin autoantigens generated because of tissue injury and cell death. These hypotheses are supported by a recent study demonstrating the aberrant overexpression of Hsp70 following heat shock or inflammatory stress in PBMC from MS patients (109).
Molecular Mimicry
HSP are the immunodominant antigens of many bacteria and are highly conserved proteins expressed in all prokaryote and eukaryote organisms. In particular, Hsp70 demonstrates a 60% to 78% homology among eukaryotic cells, and there is a 40% to 60% homology between eukaryotic Hsp70 and E. coli DnaK (9, 110) . The most immunogenic bacterial HSP are Hsp60 and Hsp70, which are considered harmful antigens capable of linking infection and autoimmunity. T cells and antibodies generated against microbial HSP may target self-HSP, either through the recognition of conserved epitopes or via cross-reactivity (molecular mimicry), thus leading to tissue inflammation (111, 112) . The responses induced by molecular mimicry between bacterial and mammalian Hsp60 and Hsp70 have been implicated in the pathogenesis of some autoimmune and inflammatory diseases, including type-1 diabetes (113), atherosclerosis (114) , arthritis (115) and MS (116) (117) (118) (119) , and elevated levels of extracellular HSP and anti-self HSP antibodies have been found in patients with these diseases. However, contrary to expectations, in several studies using animal models of arthritis (120, 121) , diabetes and MS (122, 123) as well as in clinical trials (124) , preimmunization with bacterial gp96, Hsp60 or Hsp70 abrogated the subsequently induced inflammatory disease. A study by Wieten et al. demonstrated that the spread of the regulatory capacity mediated by mycobacterial Hsp70 in proteoglycan-induced arthritis (PGIA), a chronic and relapsing T-cell-mediated murine model of arthritis, is dependent on IL-10 production and on specific regulatory self-HSP-cross-reactive T cells (125) . The high degree of phylogenetic similarity between Hsp60 and Hsp70 as well as the presence of Hsp60 and Hsp70 in the peripheral circulation of healthy individuals (126, 127) indicates that immune responses to HSP are highly controlled and regulated. However, the adult T-cell repertoire includes self-HSPreactive T cells, which have escaped to central tolerance, thus traveling to the periphery where they are thought to play an important role in maintaining immune homeostasis. In light of this hypothesis, a number of mechanisms have been proposed. For example, under conditions of stress, nonprofessional APC may upregulate HSP expression and present self-HSP to T cells in the absence of costimulatory molecules, thus inducing anergy of self-HSP reactive T cells. It is possible that anergic self-HSP T cells have regulatory functions, either via the production of IL-10 or the induction of immunomodulatory APC (18) . In an alternative mechanism, HSP-autoreactive T cells may be activated by the HSP from commensal bacteria in the gut. However, the tolerizing environment of the gut mucosa could lead to the production of self-HSP regulatory T cells (18) . In a third possible mechanism, the low-affinity interaction of self-HSP peptides with self-HSP reactive T cells might generate a Th2 (IL-4 producing)-, Th3 (TGFβ producing)-or Tr1 (IL-10 producing)-mediated regulatory response (128) .
Humoral Response
A number of studies have demonstrated an increased level of circulating Hsp60 and Hsp70 in hypertension, atherosclerosis and renal disease (129) (130) (131) . In addition to the cytokinelike function, extracellular Hsp70 as well as membrane Hsp70 may be a target for antibodies. Because soluble Hsp70 and anti-Hsp70 antibodies (126) have been found in the peripheral circulation of healthy individuals, these anti-HSP antibodies may act in an immunoregulatory capacity to remove excess extracellular Hsp70 following the resolution of a stress situation. The presence of Hsp70 antibodies in the CSF and serum of MS patients was reported for the first time by Birnbaum and Kotilinek in 1993 (reviewed in [132] ). Although there were no differences in the serum levels of these antibodies in MS patients compared with healthy donors (133) , it is possible that the humoral immune response to extracellular Hsp70 is increased in the CNS of MS patients. In this regard, Chiba et al. found high levels of CSF IgG autoantibodies against Hsp70 in MS patients compared with patients with motor neuron diseases (MND) (119) . High levels of Hsp27, Hsp60 or Hsp90 autoantibodies were not detected in these patients. However, despite investigation into the function of anti-Hsp70 antibodies in MS (134), the effect of these antibodies remains to be elucidated.
HSP GENETIC STUDIES
Genetic factors contribute to the development of MS. The MHC class II locus, the HLA-DRB1*1501 allele in particular, is the most important locus associated with susceptibility to developing MS (28) . Interestingly, all three genes encoding Hsp70 (HSPA1A, HSPA1B, and HSP-HOM) are located within the MHC locus, namely in the MHC class III cluster close to the MHC II region (135) . Similar to the Hsp70 gene in humans, the Hsp70 genes in other species, including the goat, mouse and rat also are located in the MHC region (reviewed in [136] ), suggesting a possible relationship be-tween Hsp70 and the altered immune response occurring in MS.
Analyses of Hsp70 genes have revealed a high degree of phylogenetic conservation. For example, HSPA1A and HSPA1B are 99% identical (137) . Similarly, polymorphism in Hsp70 genes is low; therefore, polymorphisms found in coding regions lead to silent mutations (reviewed in [136] ), suggesting that Hsp70 plays an essential role in cell physiology and in maintaining homeostasis following stress conditions. The relationship between different Hsp70 gene polymorphisms and MS has been investigated, and an effect on MS susceptibility/ protection or an association with clinical data association was not established for different patient populations (138) (139) (140) . Nevertheless, controversial differences between MS patients and healthy controls have been found in gene expression studies. Whereas earlier genetic studies showed HSPA1A overexpression in MS lesions (64, 65, 68) , more recently HSPA1A expression was shown to be downregulated in the PBMC of MS patients (141) (142) (143) . Histological studies in MS and EAE tissues have confirmed HSPA1A upregulation in CNS lesions; however, surprisingly, analysis of the baseline expression of Hsp70 genes in PBMC revealed no differences among MS patients, healthy controls or patients with rheumatoid arthritis. However, an aberrant overexpression of Hsp70 protein was detected in MS patients following an inflammatory event or thermal stress (109) . These findings suggest that the role of Hsp70 could be contextdependent; thus, in the CNS, Hsp70 could be neuroprotective, whereas in PBMC, it could be proinflammatory. Further studies are needed to elucidate how these functions are interconnected in MS.
THERAPEUTIC POTENTIAL OF HSP
The beneficial effect of Hsp70 overexpression in reducing protein inclusions or aggregates suggests that the pharmacological induction of Hsp70 is a potential and feasible therapeutic approach for different neurodegenerative diseases, such as Parkinson's or Alzheimer's disease. In this light, a number of compounds have been shown to induce HSP expression. Arimoclomol, an experimental drug that acts as an HSP coinducer, is in Phase II clinical trials for amyotrophic lateral sclerosis treatment (144, 145) . This drug has been shown to prolong the lifespan of the superoxide dismutase 1 (SOD1) enzyme in mice even when treatment was initiated after symptom onset (146, 147) . Inhibitors of Hsp90, such as geldamycin, lead to HSF1 release, which induces the expression of Hsp70 and other chaperones. In EAE, Hsp70 induction associated with geldamycin administration suppresses the glial inflammatory response and ameliorated EAE (148) . Nonsteroidal antiinflammatory drugs (NSAID), such as sodium salicylate, directly activate HSF1 (149) . In addition, NSAID are especially interesting owing to their dual cytoprotectant (inducing HSP expression) and antiinflammatory roles (150) . The main problem associated with NSAID treatment is that a high concentration is required to achieve therapeutic levels in the CNS owing to the low capacity of these drugs for crossing the BBB (151) . Finally, celastrol and triptolide are medicinal plant-derived antiinflammatory substances that have been used for centuries in traditional medicine to treat inflammatory and autoimmune diseases. The therapeutic effect of these compounds has been associated with the inhibition of NF-κB activation mediated by Hsp70 upregulation. Triptolide, when administrated therapeutically or as a prophylactic, is a potent suppressor of EAE by inducing Hsp70 expression, which in turn avoids NF-κB activation, thus attenuating the proinflammatory response (152) (153) (154) . On the other hand, at high concentrations, triptolide also exerts an antiproliferative effect, promoting apoptosis mediated by Hsp70 downregulation (155, 156) . However, the toxicity and water-insolubility of triptolide reduce the clinical feasibility of this drug. Triptolide derivates have been designed and currently are being tested for cancer treatments (reviewed in [157] ).
CONCLUSION
The pleiotropic functions of Hsp70, combined with the complexity of MS pathogenesis, make it difficult to elucidate the exact roles that Hsp70 plays in the disease. Hsp70 is associated with neurodegeneration and immunological deregulation in MS (Table 2 and Figure 1) . A large number of studies have demon- strated that Hsp70 is overexpressed in the CNS of MS patients, and this phenomenon has been associated with a neuroprotective function of Hsp70 in neurons and oligodendrocytes in an inflammatory environment. However, when the overexpression of Hsp70 fails to prevent cell death, high quantities of Hsp70 are released into the milieu, which indirectly promotes or exacerbates an immunological response mediated by its cytokinelike property as well as its myelin-peptide adjuvant capacity. Conversely, in PBMC from MS patients, an aberrant upregulation of Hsp70 has been detected after heat shock or LPS stimulation. In a variety of tumor cells, high levels of Hsp70 have been associated with an increased tumorigenic potential and a negative prognostic value that is related to the powerful Hsp70 antiapoptotic function. Because MS is characterized by a deregulated immunological response, a strong increase in Hsp70 (1) . Acting as an alarm signal, endogenous Hsp70 as well as bacterial Hsp70 (bHsp70) may engage cell-surface signaling receptors, such as CD14, TLR2 and TLR4, to induce cytokines (IL-12, IL-1β, IL-6, TNF-α, and GM-CSF), chemokines (MCP1, MIP1α, and RANTES) and NO production by DC and/or monocytes (2) . On the other hand, bHsp70 is processed intracellularly and is presented by MHC-I and MHC-II molecules in APC, leading to the generation of bHsp70-specific CD8 + and CD4 + T cells (3) and the production of anti-bHsp70 antibodies by B lymphocytes (4) . Despite the presence of the BBB, leukocytes enter into the CNS (5).
In the CNS, the inflammatory environment triggers Hsp70 expression by CNS cells (6) . Because of the high degree of homology between bacterial and eukaryotic Hsp70, bHsp70-specific lymphocytes cross-react against released endogenous Hsp70, causing an (auto)immune response against self-Hsp70 (7). In addition, myelin peptides, such as PLP and MBP, generated during myelin destruction, are chaperoned by Hsp70. Hsp70-PLP and Hsp70-MBP complexes are recognized by APC (8) , triggering an adaptive immune response against the PLP and MBP peptides (9) . Finally, Hsp70 might exhibit an immunoregulatory function mediated by NK cells (10) ; however, the mechanisms are still unclear.
expression in PBMC could make them more pathogenic (that is, resistant to regulatory cell action). Hsp70 has been shown to induce not only proinflammatory but also immunoregulatory responses. However, the mechanisms underlying the antiinflammatory capacity of Hsp70 are poorly understood. At present, it is unclear if the roles of Hsp70 in MS are beneficial or harmful, and more studies are needed to clarify the mechanisms.
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